
Use your time effectively, working as quickly as you can without losing accuracy. Do not

know the answers to all of the multiple-choice questions.

Points are not deducted for incorrect answers or unanswered questions.







stationary, as shown above. The two blocks
collide, stick together, and move off with

knowing the mass of one of the blocks.





of time t as the wave passes. The graph above

7. Using the setup above, a student tests how the

(A) Repeating the experiment with a string that

slides down the ramp. The coefficient of kinetic

What is the kinetic energy of the box at the





the cylinder rolls down the ramp without slipping. At

is released from rest from the top of the ramp. As

kinetic energy at the bottom of the ramp,

acceleration and therefore has less time to

12. As the cylinder rolls down the ramp, how do the
potential energy of the cylinder-Earth system and
the kinetic energy of the cylinder change, if at all?

Whenever two of the spheres come into contact,
each sphere ends up with the same net charge as



enough speed to remain firmly in contact with the
track as it goes around the loop. The magnitude of
the block's acceleration at the top of the loop is bottom, the block-Earth system has mechanical

above. When the block reaches the bottom, the
mechanical energy of the block-Earth system

the ground. Due to the combined forces of air

when it reaches the ground. What percentage of
the initial mechanical energy of the apple-Earth
system was dissipated due to air resistance? Take
the potential energy of the apple-Earth system to
be zero when the apple reaches the ground.



speeds from the top of a platform of height ho. The
rocks are launched in the directions indicated above.

ho and the instant it returns to height ho, the
work done on the rock by the gravitational



person blows into the left end of the pipe to
eject the marshmallow from the right end. The





(C) Although each circuit has a different total





29. The figure above shows a rod that is fixed to a

magnitude are applied to the rod as shown. Which

pendulum swinging back and forth through a very
small angle and a block oscillating on a spring.
The block-spring system takes twice as much time

Which of the following changes could make the
two systems oscillate with the same period?
(A) Increasing the mass of the pendulum bob
(B) Increasing the angle through which the

(C) Decreasing the mass of both the block and





maximum loudness from the tube is achieved. The graph

32. The chamber is now filled with a gas that has an
unknown speed of sound. The students find that the lowest
frequency at which they can hear a maximum in the sound

hat is the next frequency at which the sensor would measure



There is significant air resistance opposing the
ball's motion, so the magnitude of the ball's
acceleration is not equal to g. At time t, the ball is

the horizontal, as shown above. Which of the
following best shows the magnitude a and the

together over ice with negligible friction, as

skaters push off of one another. The location of





on the ski. The water also exerts a vertical lift

on the skier-ski system? Select two answers.



different bumpers. The acceleration of each car
during its collision with a wall is measured, and
the data are shown in the graphs above. Which of
the following statements about the collisions are



133. The graph above shows the speed of a truck as it
moves along a straight, level road. Which of the

(C) Calculate the slope of the line in the graph to
determine the acceleration a and then use

(D) Calculate the area under the line in the graph.



The average gravitational field on the surface of

Which of the following statements are true about
the vehicle's weight? Select two answers.
(A) The vehicle's weight was constant until it

(D) The vehicle weighs less on the surface of











(a) Sketch graphs of the horizontal and vertical components of the velocity of the center of the string as a

to its initial height at time ty. Take the positive direction to be toward the right for the horizontal component
and the positive direction to be upward for the vertical component.



a side view: the sphere on the left is higher than the sphere on the right.

pointing away from, the dot. The dashed line is drawn at the same angle as the string.



rest. The carts bounce off each other but the collision is not perfectly elastic, causing the two-cart system to lose

(a) The student hypothesizes that a greater fraction of kinetic energy is lost from the system during the collision
when the speed of the first cart is greater.

Briefly state one reason the hypothesis might be correct.

Describe the overall procedure to be used, referring to the table above. Provide enough detail so that another



(c) Describe how the experimental data could be analyzed to confirm or disconfirm the hypothesis that a greater

(d) Consider a different scenario in which the carts stick together after the collision. The masses of the heavier
and lighter cart are my and my, respectively. Derive an expression for the fraction of kinetic energy lost



As shown above, the left end of a horizontal string is attached to an oscillator and the right end is attached to a

the string is uniformly thick, with diameter Do, while the right half of the string gradually increases in thickness

(a) The oscillator shakes the left end of the string up and down, creating waves traveling to the right with

gradually slows down on the right half of the string.
i. On which half of the string, if either, do the waves have a longer wavelength?



Later, the student uses the oscillator to create a single pulse with initial speed vo at the left end of the string, as

(c) Is the equation consistent with the observation that the pulse slows down on the right half of the string?



(e) The figure above shows only the right half of the string. The solid line represents the shape of the wave



(a) On the dots below, which represent the block as it is sliding up the ramp and down the ramp, draw and label

(b) The block takes time tup to slide up the ramp a distance x. The block then takes time fdown to slide back

reasoning. If you need to draw anything other than what you have shown in part (a) to assist in your
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APPENDIX - ANSWERS

Matching multiple-choice answers and free-response scoring follow.





The following contains the scoring guidelines
for the free-response questions in this exam.



Sketch graphs of the horizontal and vertical components of the velocity of the center of the string as a function

height at time ty. Take the positive direction to be toward the right for the horizontal component and the
positive direction to be upward for the vertical component.



On the dot below, which represents the whole toy (the spheres-string system), draw and label the forces
(not components) that act on the system at this instant. Represent each force by a distinct arrow starting







Design an experimental procedure that could be used to test the student's hypothesis. Assume equipment
usually found in a school physics laboratory is available.

In the table below, list the quantities that would be measured and the equipment that would be used to measure
each quantity. Also, define a symbol to represent each quantity. You do not need to use every row and may add





Consider a different scenario in which the carts stick together after the collision. The masses of the heavier and



of conservation of linear momentum as the appropriate solution method for an inelastic collision, recognize that



gradually slows down on the right half of the string.

On which half of the string, if either, do the waves have a longer wavelength?



Describe how you could use the graph to estimate the amplitude of the waves at the dot's location.



Later, the student uses the oscillator to create a single pulse with initial speed vo at the left end of the string, as
shown above. The student wants to quantify the observation that the pulse slows down on the right half of the

Is the equation consistent with the observation that the pulse slows down on the right half of the string?



Using frame-by-frame analysis of video of the pulse, the student plots the speed v of the pulse as a function of





On the dots below, which represent the block as it is sliding up the ramp and down the ramp, draw and label the

The block takes time tup to slide up the ramp a distance x. The block then takes time down to slide back down
to the bottom of the ramp, where it has speed v,. Is fdown greater than, equal to, or less than up?



Note: The response is graded even if an incorrect selection is made.



using an application of Newton's second law in a variety of physical situations with acceleration in one







series and in, at most, one parallel branch and predict how those values would change if configurations of the
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